Background: Although coal miners are susceptible to dyslipidaemia owing to their highly risky and stressful working environment as well as unhealthy lifestyle, very few studies have focused on this issue thus far. Therefore, this study investigated the current epidemiological characteristics of dyslipidaemia among Chinese coal miners. Methods: Demographic, anthropometric, and biochemical data were gathered from 4341 coal miners in China. Dyslipidaemia was diagnosed based on the serum lipid levels. Univariate and multivariate logistic regression analyses were used to assess the related risk factors for dyslipidaemia. Results: The average concentrations of total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were 5.01 ± 0.93 mmol/L, 1.90 ± 1.72 mmol/L, 1.21 ± 0.35 mmol/L, and 3.15 ± 0.80 mmol/L, respectively. Additionally, 38.08% of participants had a high TC level, 25.84% had a low HDL-C level, 35.08% had a high LDL-C level, and 40.46% had a high TG level. The overall prevalence of dyslipidaemia was 68.28% (95% CI: 66.90-69.66%). Factors associated with dyslipidaemia were age, sex, marital status, monthly family income, type of work, length of service, smoking status, smoking index, drinking status, alcohol consumption per day, elevated fasting glucose, hypertension, obesity and abdominal obesity. Conclusions: Our study's results indicated a very high prevalence of dyslipidaemia among Chinese coal miners and identified various risk factors for dyslipidaemia.
Background
Cardiovascular disease (CVD) accounts for more than half of all non-communicable diseases and has become the leading cause of death worldwide [1] . Large cohort studies dating back to the Framingham Heart Study have identified cholesterol as a modifiable risk factor, which can be treated with lifestyle and pharmacological interventions [2] . Several clinical trials have demonstrated that treatment for dyslipidaemia is effective for preventing CVD [3, 4] , and the treatment of dyslipidaemia can reduce the CVD risk by nearly 30% over a 5-year period [5] .
Underground coal mining is still one of the most risky occupations globally. Data derived from decennial census and the experience of life insurance companies clearly revealed that death rates for American coal miners are among the highest of any occupational group. When the excess mortality due to respiratory diseases and accidents, which are recognized as hazards related to coal mining, is eliminated, mortality rates for coal miners remain high from 1.4 to 1.7 times the death rates for all workingmen. Excess mortality from other conditions, digestive disorders, certain cancers, and cardiovascular diseases may represent previously unrecognized risks related to coal mining [6] . As non-communicable diseases (NCDs) constitute an increasing portion of the global burden of disease, mining industry employees may be exposed to various factors potentially elevating their NCD risk. Underground coal miners work in a limited space and perform various tasks, and they constantly face a wide range of threats from physical factors, such as a high temperature, humidity, noise, vibration, and radiation [7] . Additionally, all these physical factors were related with NCD. Chronic occupational exposure to noise and vibration were associated with the excess mortality risk for acute myocardial infarction [8, 9] . Dust was also a significant physical factor that workers underground in the mining industry face, as short-term exposure to dust (eg. particulate matter 2.5) increases the risk for hospital admissions for cardiovascular and respiratory diseases [10] . Metabolic risk indicator rates were markedly high and increased significantly from baseline over the 5-year follow-up of a cohort of copper-gold mining company workers, with increased cholesterol, blood pressure, and blood glucose levels and overweight/obesity [11] . A study performed among workers from an opencast iron ore mine in South Goa suggested an association between the occupation in mining with pneumoconiosis and hearing loss, and it showed that the prevalence rates of diabetes, hypertension, dyslipidaemia and polycythemia were 5.1, 8.3, 37.5, and 12.7%, respectively [12] . Aldehydes such as acrolein are ubiquitous pollutants present in automobile exhaust, cigarette, wood, and coal smoke. Oral exposure to acrolein could induce or exacerbate dyslipidaemia, as could increase levels of plasma cholesterol and triglycerides, thereby contributing to the risk of cardiovascular disease [13] .
Owing to the long exposure to coal dust, coal miners are usually affected by disorders of lipid metabolism [14] and susceptible to CVDs [15] ; in addition to their working environment, their lifestyle also plays an important role in their susceptibility to CVDs. Findings from openpit workers indicated a relatively high incidence of hypertension (28%). The level of arterial hypertension is consistently associated with age, length of occupational experience, and body weight, and high prevalence of cardiovascular risk factors: alcohol consumption, cigarette smoking, family history, consumption of salty foods, and overweight among mining and milling workers [16] . The potential risk factors for dyslipidaemia include genetics, age, diet, smoking, physical activity, and stress [17] . Obviously, adopting a healthy lifestyle with proper medication can control these risk factors and their harmfulness to the body. Therefore, an important public health priority is to prevent dyslipidaemia and its related risk factors. Researchers have shown that the risk of CVD increases as the exposure to coal mine dust and other coal mine risk factors increases [15, 18] , and an underground work environment in a coal mine is a risk factor for lipid metabolic abnormalities [19] . Therefore, knowledge of the current magnitude of dyslipidaemia in Chinese coal miners is important for enhanced occupational protection measures and prevention and management of CVD, in turn to effectively reduce occupational hazards. However, surveys to determine the burden of dyslipidaemia among Chinese coal miners have not been conducted in the last few years, and available data on the prevalence, types, and related factors of dyslipidaemia in this occupational population are rather limited and outdated. We hypothesized that remarkable changes in the prevalence, type, and risk factors of dyslipidaemia among Chinese coal miners would happen in recent years. Therefore, the purpose of this study was to obtain present data on dyslipidaemia, including its prevalence and risk factors, in coal miners in China.
Methods

Study population
Study participants were recruited from the Datong Coal Mine Group, with an estimated 200,000 permanent staff members at 87 coal mines. We obtained the baseline data of all staff from the administrative department of the coal mine group, which included the name, sex, date of birth, and work type to build the sampling frame. Based on these data, study subjects were selected using a two-stage cluster sampling. In the first phase, we randomly sampled 10 coal mines from 87 coal mines as the primary sampling unit. The number of permanent staff members in these sampled coal mines was approximately 38,951. In the second stage, stratified random sampling was applied according to the factors, including the work place (underground front-line, underground auxiliary and surface), age (20-65 years, with groups of 5-year intervals), and sex (male or female). SAS software, version 9.2 (SAS Institute, Cary, NC, USA) was used to perform Surveyselect procedure. The proportion of the sampling population was 11.2%. Considering no response or other non-compliance issues, we administered a questionnaire to 4400 miners, and 4341 of them returned completed questionnaires from August 1, 2013 to December 30, 2013.
Physical examinations
The physical examination was performed by trained physicians at the General Hospital of the Datong Coal Mining Group. With the subjects wearing light weight clothes and no shoes, their weight and height were measured using a height-measuring and weightmeasuring instrument. We calculated the body mass index (BMI) by dividing weight in kilograms by height in meters squared. With the subjects standing and breathing normally, their waist circumference (WC) was measured at the umbilicus, and hip circumference was measured around the buttocks. The waist-hip ratio (WHR) was calculated using the following formula: waist circumference (cm)/hip circumference (cm).
Blood sample collection and biochemistry analysis
For all participants, fasting blood samples were collected in the morning after fasting at least 8 h. The lipid panel, including total cholesterol (TC), triglyceride (TG), highdensity lipoprotein cholesterol (HDL-C), and lowdensity lipoprotein cholesterol (LDL-C), serum fasting blood glucose (FBG), along with other routine blood biochemical indexes were determined by routine enzymatic methods on automated modular analysers (Siemens Advia 2400 Chemistry Analyser, Diamond Diagnostic, Holliston, MA, USA) at the General Hospital of the Datong Coal Mining Group.
Definitions of dyslipidaemia, obesity, FBG, and hypertension TC, LDL-C, HDL-C, and TG levels were classified based on the 2016 Chinese guideline for the management of dyslipidaemia in adults [20] . Borderline high and high TC was defined as TC levels of 5.2-6.2 mmol/L (200-240 mg/dL) and ≥6.2 mmol/L (≥240 mg/dL), respectively, and a TC level < 5.2 mmol/L (<200 mg/dL) was defined as acceptable. Low HDL-C was defined as HDL-C levels <1.0 mmol/L (<40 mg/dL). Borderline high and high LDL-C was defined as LDL-C levels of 3.4-4.1 mmol/L (130-160 mg/dL) and ≥4.1 mmol/L (≥160 mg/dL), respectively, and LDL-C levels <3.4 mmol/L (130 mg/dL) and <2.6 mmol/L (100 mg/dL) were defined as acceptable and ideal, respectively. Borderline high and high TG was defined as TG levels of 1.7-2.3 mmol/L (150-200 mg/dL) and ≥2.3 mmol/L (≥200 mg/dL), respectively, and a TG level < 1.7 mmol/L (150 mg/dL) was defined as acceptable.
The [21] . When the WCs are ≥88 cm for women and ≥102 cm for men, individuals are considered to have "abdominal obesity". In addition, hypso-WHR is defined when the WHRs are >0.9 for men and >0.8 for women [22] .
According to the American Diabetes Association, study participants were categorised into three groups based on FBG levels [23] : normal fasting glucose (NFG; FBG < 5.6 mmol/L (100 mg/dL)), impaired fasting glucose (IFG; 5.6 mmol/L (100 mg/dL) ≤ FBG < 7.0 mmol/L (126 mg/dL)), and diabetes mellitus (DM; FBG ≥ 7.0 mmol/L (126 mg/dL)).
After avoiding exercise and caffeinated beverages for at least one-half hour before measuring blood pressure, the systolic blood pressure (SBP) and diastolic blood pressure (DBP) of the participants were obtained using a mercury sphygmomanometer (GB3053-93 Yuyue, Armamentarium Limited Company, Jiangsu, China). A high blood pressure was defined as a SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg [24] .
Questionnaire
A survey was conducted by trained investigators after the physical examination. Data were collected by gathering all participants in a conference room along with cardiologists and trained nurses. All participants agreed to participate in a face-to-face interview using a standard questionnaire. Participants' social demographic characteristics (sex, age, etc.), work situation (workplace, work type, etc.), lifestyle and behaviours, medical history, smoking and drinking status, dietary habits, monthly family income, marital status, and educational level were determined by the structured questionnaire.
Statistical analyses
Data entry was conducted using EpiData 3.0 software (EpiData Association, Odense, Denmark), and to reduce error in generating an electronic data set, we used double data entry. Descriptive analyses of all variables were performed (mean ± standard deviation for continuous data and frequencies or percentages for categorical variables). Comparisons of continuous variables were made using the unpaired Student's t test. The Pearson's chi-square test was used to evaluate differences in the categorical variables. Furthermore, the prevalence of an abnormal lipid panel according to various characteristics was calculated. Univariate and multivariate logistic regression analyses adjusted for age and sex were used to evaluate the association between blood lipid levels and risk factors, with abnormal TC, TG, HDL-C, and LDL-C levels as dependent variables and demographic characteristics, working characteristics, lifestyles and behaviours, anthropometric characteristics, and biochemical indices as independent variables (entry = 0.05, removal = 0.10). The association between dyslipidaemia and risk factors was assessed by odds ratios (ORs), and the adjusted ORs were presented with 95% confidence intervals. To further assess major risk factors for the prevalence of dyslipidaemia and control for potential confounders, we performed stepwise multiple logistic regression analysis to identify the risk factors for each type of dyslipidaemia, adjusted for age and sex. SAS software, version 9.4 (SAS Institute, Cary, NC, USA) was used to perform all statistical analyses. There was a significance difference when P < 0.05, and all P-values were twotailed.
Ethical considerations
This study was approved by the ethics committee of Shanxi Medical University (ethical application reference: HX201201). All study processes were conducted according to the ethical criteria. After all participants were informed of the study's purpose, medical programs, benefits, and non-disclosure agreement of individual information, they signed a written consent.
Results
Characteristics of the study population
Overall, 4341 coal miners from 10 coal mines were sampled. The survey population accounted for 2.2% of the total participants. The mean (standard deviation) age of the subjects was 41 Table 1 . The percentages of men, married participants, drinkers and smokers were all significantly higher in the dyslipidaemia group than in the control group, whereas the percentages of intense physical workers and underground front-line workers were lower (P < 0.001, except P < 0.05 for marital status and workplace). The dyslipidaemia group was older; had a higher FBG, SBP, DBP, BMI, waist circumferences, WHR, TC level, TG level, and LDL-C level; and had a lower HDL-C level compared to the non-dyslipidaemia group (all P < 0.001).
Prevalence of dyslipidaemia
As shown in Tables 1 and 2 , 68.28% (95% CI: 66.90-69.66%) of Chinese coal miners had at least one type of dyslipidaemia (including borderline high and high TC, LDL-C, and TG levels and a low HDL-C level; men, 71.36%; women, 51.68%). Analysis of the dyslipidaemia components showed that 38.08% of the population had a high TC level, 40.46% had a high TG level, 35.08% had an increased LDL-C level, and 25.84% had an abnormally low HDL-C level. The prevalence rates of borderline high and high TC levels were 27.69 and 10.38%, respectively; those of borderline high and high LDL-C levels were 23.15 and 11.93%, respectively; that of a low HDL-C level was 25.84%; and those of borderline high and high TG levels were 16.22 and 24.24%, respectively. The age-specific prevalence of borderline high and high TC, LDL-C, and TG levels increased with increasing age (P < 0.001). The prevalences of borderline high and high TC, LDL-C, and TG levels and a low HDL-C level were significantly higher in men than in women, but they were significantly lower in the underground than in the surface workplace and lower in the intense physical work type (P < 0.05).
Factors associated with dyslipidaemia
The prevalence rate of abnormal serum lipid concentrations in accordance with participants' different demographic, work, lifestyle, and behaviour characteristics and the results of univariate logistic analyses of factors associated with dyslipidaemia adjusted by age and sex are presented in Tables 3 and 4 , respectively. Notably, the high TC, LDL-C, and TG prevalence significantly increased with advanced age (≥40 years), but the low HDL-C prevalence decreased (adjusted ORs = 1.45, 1.45, 1.19, and 0.85, respectively; P < 0.05). The ORs for a high LDL-C level, high TG level, and low HDL-C level were lower among women(adjusted ORs = 0.68, 0.42, and 0.29, respectively; P < 0.001). Only the high prevalence of high TG levels was related to the marital status: married participants had a higher OR of high TG levels than single participants (adjusted OR = 1.63; P < 0.001). Subjects with a high family income were more likely to have lower ORs of high TC level (>6000 yuan: adjusted OR = 0.79; P < 0.05) and low HDL-C level (4000-6000 yuan: adjusted OR = 0.66; P < 0.001).
Participants who did light physical and mental work were more likely to have higher ORs of high LDL-C levels (adjusted ORs = 1.29, 1.48, respectively; P < 0.05), high TG levels (adjusted ORs = 1.60, 1.70, respectively; P < 0.001) and low HDL-C levels (adjusted ORs = 1.68, 1.73, respectively; P < 0.001) than those who did intense physical labour. Further, compared to the underground front-line work group, the surface work place group were more inclined to suffer from high TC (ground: adjusted OR =1.41; P < 0.001), high LDL-C (ground: adjusted OR =1.49; P < 0.001; office: adjusted OR =1.49; P < 0.001), high TG (adjusted ORs for underground auxiliary, ground and office =1.49, 1.50, 1.73, respectively; P < 0.001) and low HDL-C (adjusted ORs for underground auxiliary, ground and office =1.29, 1.76, 1.68, respectively; P < 0.05). Additionally, having an extended length of service (>10 years of service) increased the tendency of high TC (adjusted OR =1.87; P < 0.05) and high LDL-C levels (adjusted OR =1.98; P < 0.05).
Cigarette smoking and the prevalence of high TC and high LDL-C levels showed a positively relationship (adjusted ORs = 1.28 and 1.24, respectively; P < 0.05). In addition, participants with a bigger smoking index had a greater prevalence of high TC (150~and 450~: adjusted ORs = 1.41 and 1.35, respectively; P < 0.05) and high LDL-C levels (150~and 450~: adjusted ORs = 1.34 and 1.37, respectively; P < 0.05). The prevalence of high TC and high TG levels was higher among current drinkers than non-drinkers, but the trend was opposite for low HDL-C levels (adjusted ORs = 1.39, 1.33, and 0.70, respectively; P < 0.001). The daily alcohol consumption was positively associated with a high prevalence rate of elevated TC levels (25~g/d, 50~g/d and 75~g/d: Table 3 Prevalence of dyslipidemia by demographic and working characteristics and adjusted odds ratios (95%CI) of dyslipidemia prevalence Table 4 Prevalence of dyslipidemia by lifestyle and behavior characteristics and adjusted odds ratios (95%CI) of dyslipidemia prevalence adjusted ORs =1.52, 1.99, and 1.89, respectively; P < 0.05) and elevated TG levels (75~g/d: adjusted OR = 1.67; P < 0.001), but it was inversely related to the prevalence of low HDL-C levels (25~g/d, 50~g/d, and 75~g/d: adjusted ORs = 0.69, 0.38 and 0.49, respectively; P < 0.05). Participants with a slower eating speed had lower ORs of low HDL-C levels (moderate and slow eating speed: adjusted ORs = 0.78 and 0.55, respectively; P < 0.05) and elevated TG levels (slow eating speed: adjusted OR = 0.72; P < 0.05) than participants who had a faster eating speed. Furthermore, there was no significant association of the prevalence of any kind of dyslipidaemia with education level, passive smoking, and sleep time.
Results of univariate logistic analyses of the anthropometric and biochemistry indices associated with dyslipidaemia, adjusted by age and sex, are shown in Table 5 . Participants who had elevated fasting glucose levels were more likely to have a higher prevalence rate of high TC levels (IFG: adjusted OR = 1.55, DM: adjusted OR = 2.32; P < 0.001), high LDL-C levels (IFG: adjusted OR = 1.40, DM: adjusted OR = 2.06; P < 0.05), high TG levels (IFG: adjusted OR = 1.80, DM: adjusted OR = 3.28; P < 0.001) and low HDL-C levels (DM: adjusted OR = 1.96; P < 0.001). Subjects with hypertension had an increased tendency of high TC levels (SBP: adjusted OR = 1.38, DBP: adjusted OR = 1.45; P < 0.001), high LDL-C levels (SBP: adjusted OR = 1.36, DBP: adjusted OR = 1.47; P < 0.001), high TG levels (SBP: adjusted OR = 1.65, DBP: adjusted OR = 1.99; P < 0.001), and low HDL-C levels (DBP: adjusted OR = 1.24; P < 0.05). Additionally, participants with a large body size had a greater prevalence of high TC levels (overweight: adjusted OR = 1.50, obese: adjusted OR = 1.73; P < 0.001), high LDL-C levels (overweight: adjusted OR = 1.86, obese: adjusted OR = 2.56; P < 0.001), low HDL-C levels (overweight: adjusted OR = 2.09, obese: adjusted OR = 3.77; P < 0.001), and high TG levels (overweight: adjusted OR = 2.92, obese: adjusted OR = 5.16; P < 0.001). Participants with central obesity tended to suffer high TC levels (large waist: adjusted OR = 1.30, hypso-WHR: adjusted OR = 1.28; P < 0.05), high LDL-C levels (large waist: adjusted OR = 1.54, hypso-WHR: adjusted OR = 1.41; P < 0.001), low HDL-C levels (large waist: adjusted OR = 2.48, hypso-WHR: adjusted OR = 1.74; P < 0.001), and high TG levels (large waist: adjusted OR = 2.86, hypso-WHR: adjusted OR = 1.95; P < 0.001). Table 6 suggest that the presence of high TC levels was still positively associated with an extended length of service (>10 years: adjusted OR = 1.70; P < 0.05), smoking status (adjusted OR = 1.25; P < 0.05), increased alcohol consumption (25~g/d, 50~g/d and 75~g/d: adjusted ORs = 1.53, 1.81 and 1.73, respectively; P < 0.05), elevated fasting glucose (IFG: adjusted OR = 1.41; P < 0.05; DM: adjusted OR = 1.99; P < 0.001), hypertension (DBP: adjusted OR = 1.23; P < 0.05), and bigger body size (overweight: adjusted OR = 1.43, obese: adjusted OR = 1.66; P < 0.001), but it was inversely related to the monthly family income (>6000 yuan: adjusted OR = 0.76; P < 0.05). Participants who engaged in mental labour (adjusted OR = 1.35; P < 0.05), had an extended length of service (>10 years: adjusted OR = 1.77; P < 0.05), higher smoking index (150~, 300~and 450~: adjusted ORs = 1.39, 1.28, and 1.42, respectively; P < 0.05), elevated fasting glucose (DM: adjusted OR = 1.61; P < 0.05), hypertension (DBP: adjusted OR = 1.30; P < 0.05), or bigger body size (overweight: adjusted OR = 1.77, obese: adjusted OR = 2.35; P < 0.001) had an increased tendency of a high LDL-C level. Table 6 also illustrates that participants who were married (adjusted OR = 1.43; P < 0.05), engaged in light physical or mental labour (adjusted ORs = 1.51 and 1.58, respectively; P < 0.001), drinking (adjusted OR =1.24; P < 0.05), had increased alcohol consumption (75~g/d: adjusted OR = 1.37; P < 0.05), elevated fasting glucose (IFG: adjusted OR = 1.46; DM: adjusted OR = 2.32; P < 0.001), hypertension (DBP: adjusted OR = 1.58; P < 0.001), bigger body size (overweight: adjusted OR = 2.61, obese: adjusted OR = 3.55; P < 0.001), or abdominal obesity (large waist: adjusted OR = 1.41, hypso-WHR: adjusted OR = 1.25; P < 0.05) were more inclined to have high TG levels than those without these conditions; however, the trend was opposite for women (adjusted OR = 0.41; P < 0.001). Performing light physical or mental labour (adjusted ORs = 1.61 and 1.52, respectively; P < 0.001), having an elevated fasting glucose (DM: adjusted OR = 1.45; P < 0.05), bigger body size (overweight: adjusted OR = 1.98, obese: adjusted OR = 2.95; P < 0.001), or abdominal obesity (large waist: adjusted OR = 1.45, hypso-WHR: adjusted OR = 1.21; P < 0.05) had an increased risk for low HDL-C; however, having an increased age (adjusted OR = 0.80; P < 0.05), female sex (adjusted OR = 0.18; P < 0.001), higher monthly family income (4000-6000 yuan: adjusted OR = 0.67; P < 0.001), drinking status (adjusted OR = 0.79; P < 0.05), or increased alcohol consumption (50~g/d and 75~g/d: adjusted ORs = 0.36 and 0.58, respectively; P < 0.05) had the reverse tendency.
Results of multivariable logistic regression analysis of dyslipidaemia
Data in
Discussion
In accordance with a World Health Organization report, of the 56 million deaths worldwide in 2012, 38 million deaths (about 68%) were caused by non-infectious diseases, which have become a severe worldwide public health burden [25, 26] . Generally, CVD is the most Table 5 Prevalence of dyslipidemia by anthropometric and biochemical parameters and adjusted odds ratios (95%CI) of dyslipidemia prevalence Table 6 Multivariate stepwise logistic regression analysis of factors associated with dyslipidemia outstanding condition globally, and dyslipidaemia is an important public health problem, with an increasing prevalence worldwide. As dyslipidaemia is one of the most crucial independent reversible risk factors for CVDs, preventive measures targeting the popular with dyslipidaemia can reduce the morbidity and mortality of CVDs [27] . To effectively prevent CVDs, lifestyle modifications, policy changes, and pharmacotherapy are required. The current study is one of the largest scale occupational, population-based studies on dyslipidaemia that comprehensively assessed the prevalence of dyslipidaemia and the associated risk factors of dyslipidaemia in coal miners in China.
The average serum TC, LDL-C, and TG levels have increased quickly in China [28] [29] [30] . Findings from the 2002 Chinese National Nutrition and Health Survey (CNHS) [28, 31] demonstrated that the respective mean levels of TC, LDL-C, and TG were 3.81 mmol/L, 2.21 mmol/L, and 1.10 mmol/L. The China National Diabetes and Metabolic Disorders Study demonstrated that the respective mean levels of TC, LDL-C, and TG were 4.72 mmol/L, 2.68 mmol/L and 1.57 mmol/L [32] ; the corresponding average levels observed in the current study were higher: 5.01 mmol/L, 3.15 mmol/L, and 1.90 mmol/L, respectively. Furthermore, in our study, the average level of serum HDL-C was somewhat lower (1.21 mmol/L) than that (1.30 mmol/L) reported in the two aforementioned studies [28, 31, 32] .
Our current study's findings indicated that 68.28% of Chinese coal miners (men, 71.36%; women, 51.68%) had at least one type of dyslipidaemia. This value is higher than that reported by the 2002 CNHS (18.6%) [28] and by recent studies on Chinese adults [27, 33, 34] . Our findings showed that the prevalence of dyslipidaemia is high in coal miners. In line with the results of previous studies [27, 33, 34] , which found that the main types of dyslipidaemia in China are high TG levels, our study showed that the major contributor of dyslipidaemia was high TG levels (40.46%). In the past 20 years, the most prominent change in the concentrations of serum lipids in the people of Beijing and Guangzhou in China was an increase in the TG levels, possibly as a result of the increase in carbohydrates and fats in their diet [35] [36] [37] , whereas the most common lipid disorder in Western countries was high TC levels [38] . Furthermore, China has a low mortality due to coronary heart disease, and the relationship between a low serum TC level and low fat and cholesterol dietary intake was identified as the main cause of this finding [39] . However, with economic growth and westernized lifestyle, especially dietary patterns, the prevalence of high TC levels increased in China [27, 34] , and the prevalence of a high TC level (38.08%) found in this study was significantly higher than the average Chinese national level [33] . Projected trends in the increased TC level would lead to an increase of approximately 9.2 million cardiovascular events from 2010 to 2030 [40] . The association between regional disparities in the type of dyslipidaemia and lifestyle, diet, and other factors requires further investigation. Our findings of the high prevalence of dyslipidaemia in coal miners highlight crucial public health implications what could explain why this population is susceptible to CVDs [15] .
In addition to the prevalence of dyslipidaemia, our study identified the potential risk factors for each type of dyslipidaemia: type of work, hypertension, BMI, WC, etc. Previous studies have reported an association between age and dyslipidaemia [27, 29, 38, 41] . The mechanisms underlying the role of age on serum lipid panel results may be hereditary characteristics, degenerative processes, weight gain, and gradual development of insulin resistance [38] . In the current study, univariate logistic regression analysis demonstrated that the prevalence of high TC levels, LDL-C levels, and TG levels significantly increased with advanced age (≥40 years); however, the prevalence of low HDL-C levels decreased, which was in accordance with the results of another previous study [42] . However, multivariate analysis only confirmed the relationship of age and low HDL-C levels. Socio-demographic factors, in line with previous studies, were consistently associated with the prevalence of dyslipidaemia [27, 29, 33] . Multivariate analysis in this study also showed that a married status was an independent risk factor for a high TG level; however, female sex was inversely related with the prevalence of the low HDL-C and high TG levels, and a high monthly income was inversely associated with the prevalence of a high TC and low HDL-C level.
Regarding working conditions, we found that underground front-line workers had the lowest prevalence of each kind of dyslipidaemia, and workers who did intense physical work had the lowest prevalence of dyslipidaemia, because the former undertake work of a higher labour intensity. Results of multivariate logistic regression analysis showed that those who did light physical and mental work were inclined to suffer high LDL-C and TG levels and a low HDL-C level than those who did intense physical work. Furthermore, in univariate logistic regression analysis, compared to underground front-line workers, ground workers or office workers and underground auxiliary workers, who frequently but not continuously work under the coal mine, had higher ORs for the prevalence of all dyslipidaemia components; however, multivariate analysis did not confirm these relationships. Results of multivariable logistic regression analysis in this study showed that the extended length of service was an independent risk factor for high TC and high LDL-C levels. Contrary to the expected results, participants working inside the coal mine did not show a high prevalence of dyslipidaemia, possibly because of the healthy worker effect and the underground front-line workers may be younger, stronger, and in good health.
With regard to health behaviours, smoking is a main health issue in China; the prevalence of smoking was 57.69% in our study. Results of multivariate logistic regression analysis also demonstrated that smoking status was associated with high TC levels. With regard to the smoking index, a positive association was shown between a smoking index and high LDL-C levels. Drinking is also a main health issue in China; the prevalence of drinking was 41.49% in our study. There was an inverse relationship between drinking status and low HDL-C levels in our study, which was in line with the findings of previous research studies [42, 43] , and the trend was the opposite for a high TG level. Regarding alcohol consumption per day, an inverse relationship found for low HDL-C levels, although a positive relationship was noted for the prevalence of high TC and high TG levels.
Regarding the health condition, metabolic disturbances, including pathoglycaemia, hypertension, overweight/obesity, abdominal obesity, and dyslipidaemia, occur almost simultaneous with each other and are intensively related to subsequent CVD; the most common underlying mechanism is insulin resistance [44] . Hypertension and diabetes have been reported as risk factors for dyslipidaemia [38, [45] [46] [47] . In our study, the prevalence rate of hypertension was as high as 31.38%, and that of IFG/ DM was 14.0%. The increase of dyslipidaemia could have contributed to the high prevalence of hypertension and diabetes among our subjects. Results of multivariate logistic regression analysis showed that participants with elevated fasting glucose levels (IFG/DM) were positively related with all types of dyslipidaemia components; furthermore, a high DBP was a risk factor for high TC levels, high LDL-C levels, and high TG levels. These results proposed that the factors causing dyslipidaemia and the outcomes of dyslipidaemia are similar among people of different ethnicities. Thus, the rising prevalence of dyslipidaemia in China could cause analogous cardio-cerebralvascular outcomes as it did in Western countries [29] .
The findings of this study are in line with several previous studies [38, 45, 46, [48] [49] [50] that demonstrated that the prevalence of dyslipidaemia rises with an increase in the BMI; additionally, we found that all types of dyslipidaemia were associated with the accumulation of adipose tissue. The abnormal blood lipid panel in overweight and obese people is probably caused by insulin resistance [44] . In China, 3.8% of men and 5.0% of women were obese in 2013 [51] , but this proportion was almost 20% in some cities [52] . The respective prevalence rates of overweight and obesity were 39.00 and 17.55% among coal miners in our study; these values are higher than the Chinese national average values. On the basis of our study's data, we interpreted that obesity is at a high prevalence among coal miners, and it will undoubtedly affect the prevalence of dyslipidaemia. Therefore, obesity in this professional group needs to be noticed. In our research, we found that the prevalence of abdominal obesity among coal miners in China was 13.50%. Other researchers have observed associations between dyslipidaemia and abdominal obesity [43, 53] , and our study found that a large WC and hypso-WHR were risk factors for low HDL-C levels and high TG levels. In summary, dyslipidaemia, particularly high TG is a very common and important health problem among Chinese coal miners. Demographic characteristics (advanced age, male sex, marital status, and monthly family income); working characteristics (working type and length of service); lifestyles (smoking, smoking index, drinking status, and alcohol consumption per day); and health conditions (elevated fasting glucose, hypertension, obesity, and abdominal obesity) were closely related to dyslipidaemia. Effective occupational health education must be provided and urgent occupational protective measures must be taken to control the epidemic of dyslipidaemia among coal mine occupational groups.
Several limitations may exist in our study. First, as this was a cross-sectional study, the results are prone to be affected by the recall bias and unmeasured confounding factors. Second, other risk factors (e.g., environmental air pollutants, dietary intake, and other health conditions) were not considered. Finally, this was a crosssectional study, so no causal relationships could be precisely delineated.
Conclusions
Our current study provides dependable and present epidemic characteristics on dyslipidaemia among Chinese coal miners. Dyslipidaemia, especially high TG levels, is a very prevalent and major health issue among Chinese coal miners. 
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